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293 and RH cells derived from human embryo kidney were infected by Venezuelan equine encephalitis and tick-borne
encephalitis viruses and cDNA libraries representing cellular mRNAs induced or suppressed due to the infection were
prepared using suppressive subtractive hybridization. Among the up-regulated clones the RT-PCR and Northern analyses
revealed an unusual transcript of the spermidine/spermine N1-acetyltransferase (SSAT) gene that was shown to be an
alternatively spliced form containing an additional 110-bp exon. The alternatively spliced transcript is polyadenylated and can
be expected to yield only a truncated 71 amino acid polypeptide. This first evidence of the host gene alternatively spliced
mRNA induction by RNA viruses raises the questions of its biological role, regulation mechanisms of alternative splicing, and
significance for the virus life cycle. © 2002 Elsevier Science (USA)INTRODUCTION
The Venezuelan equine encephalitis virus (VEEV; ge-
nus Alphavirus, family Togaviridae) and tick-borne en-
cephalitis virus (TBEV; genus Flavivirus, family Flaviviri-
dae) are representatives of arthropod-borne viruses
(Heinz et al., 2000; Weawer et al., 2000). Virions of both
viruses consist of nucleocapsids containing positive-
sense, single-stranded RNA genomes coding for 9–10
viral-specific polypeptides. The host-derived lipid bilayer
surrounding the nucleocapsid contains surface glyco-
proteins (Heinz and Mandl, 1993; Strauss and Strauss,
1994). These viruses have a remarkably wide host range
encompassing both invertebrates and vertebrates. De-
pending on host and cell types, viral infection can have
various outcomes, from cell lysis to establishment of
persistent infection.
Despite considerable efforts directed at the elucida-
tion of the mechanisms of virus–host interactions during
infection, a comprehensive picture of the processes due
to the interplay of viral and cellular genomes is far from
being understood. It has been recently reported that
acute Sindbis virus (Alphavirus family) infection induces
1 To whom correspondence and reprint requests should be ad-
dressed at Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry,163phosphorylation and intracellular translocation of small
heat shock protein HSP27 and activates the p38 MAP
kinase signaling pathway (Nakatsue et al., 1998). In ad-
dition, manganese-superoxide dismutase was induced
at persistent Sindbis virus infection of MRC-5 cells (Yo-
shinaka et al., 1999). In turn, West Nile flavivirus infection
is accompanied by early induction of E-selectin and later
ICAM-1 and VCAM-1 (Shen et al., 1997). Limited knowl-
edge of host response to virus invasion hampers the
development of efficient antiviral strategies that implies
the necessity of a search for host genes that expression
is affected by viral infection. Nevertheless, no attempt to
analyze genome-wide expression changes was made,
and only a handful of the host genes up- or down-
regulated during viral infection was identified so far.
Recently, a sensitive and reproducible cDNA subtraction
procedure based on the method of suppression subtractive
hybridization (SSH) was developed (Diatchenko et al.,
1999). The procedure allows genome-wide analysis of dif-
ferences in the expression of genes between two closely
related cellular systems. We have applied this technique to
the investigation of host cell genetic responses to VEEV
and TBEV in two types of hosts, 293 and RH human kidney
cells. cDNA libraries representing cellular mRNAs induced
due to the viral infections were constructed, and their anal-Key Words: Venezuelan equine encephalitis; tick-born
acetyltransferase; alternative splicing.
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midine/spermine N1-acetyltransferase (SSAT) gene was
identified.
RESULTS
VEEV- and TBEV-infected cells
The growth curves for VEEV in 293 and RH cells at
37°C are shown in Fig. 1A. By 36 h postinfection 293
cells were apparently completely lysed, whereas RH
cells were not lysed within 96 h postinfection. The dif-
ference in VEEV yields (in TCID50 ml
1) between RH and
293 cells amounted to 1.3  0.4  105 by 36 h postin-
fection. We also evaluated the replication of VEEV by
direct measurements of viral E2 protein synthesis using
E8 anti-E2 monoclonal antibodies. In 293 cells, E2 pro-
tein synthesis rapidly increased between 6 and 24 h
postinfection, in accord with the production rate of infec-
tious virions. In RH cells, the EIA sensitivity was insuffi-
cient to detect E2 protein production. Most likely, RH
cells are able to support persistent infection of VEEV with
low production of infectious virions and structural viral
polypeptides.
The growth curves for TBEV showed that both RH and
293 cells were highly sensitive to TBEV infection and
allowed its propagation at a high titer without visible lysis
of RH cells and with a cytopathic effect in 293 cells (data
not shown). The TBEV yield rapidly increased between
12 and 24 h after infection and then stabilized.
Construction and analysis of differential libraries
To identify the host genes up- or down-regulated due to
the infection with VEEV and TBEV, we constructed subtrac-
tion libraries using the suppressive subtractive hybridiza-
tion technique. The analysis of the clones from the libraries
is now in progress. At this stage we have analyzed 96
arrayed clones prepared after subtraction with cDNA of
FIG. 1. (A) Growth curves of VEEV in 293 and RH cells: monolayers of 293 and RH cells were infected with VEEV as described under Materials and
Methods. The cells were harvested, frozen, and thawed three times to release the virus, and infectious titers were determined by the viral cytopathic
effect (CPE) assay in 293 cells. Enzyme immunoassay (EIA) with E8 anti-E2 protein monoclonal antibodies was used to determine the VEEV E2 protein
synthesis in 106 of virus-infected cells. (B) Structure of SSAT gene (center) and its two splicing variants. The arrows indicate the position of the primers
designed for RT-PCR (P1 and P2) and hybridization probe amplification (P3 and P4).
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VEEV infected 293 cells as tracer and the same number of
clones prepared after subtraction with cDNA of mock-in-
fected cells as tracer. The cells were infected/mock-in-
fected for 6 h. The former library is expected to be enriched
with the sequences up-regulated during infection, whereas
the latter one is expected to be enriched with the down-
regulated sequences. Sixteen and 14 clones from the pu-
tative up- and down-regulated libraries, respectively, were
identified as differential by differential hybridization with the
subtracted probes as described (Diatchenko et al., 1998).
They were sequenced and appeared to represent 11 and 10
independent sequences, respectively. The sequences ob-
tained were compared against nucleotide sequence data-
bases (GenBank, Human genome, and EST) having al-
lowed us to identify the corresponding genomic or cDNA
sequences. To confirm the differential status of the hybrid-
ization-positive clones, an RT-PCR analysis with the corre-
sponding primers designed was performed (Table 1), and
two up-regulated and three down-regulated clones were
singled out as the most obvious. As seen in Table 1, all
except for the human spermidine/spermine N1-acetyltrans-
ferase correspond to anonymous human mRNAs with yet
unknown functions. The RT-PCR analysis revealed two
SSAT amplicons, relative abundance of which changed in
the course of infection. This unusual behavior encouraged
us to investigate their origin in more detail.
Induction of SSAT mRNA in infected cells
The increased level of the SSAT mRNA in the infected
cells as compared to control cells was confirmed by RT-
PCR analysis with a pair of PCR primers designed to am-
plify a nearly complete cDNA of SSAT. The structure of the
SSAT gene and positions of primers (P1 and P2) are shown
in Fig. 1B. The RT-PCR with this primer pair (Figs. 2A–2C) in
293 and RH cells resulted in two bands (690 and 790 bp)
both before and after virus infection. No bands were de-
tected when control “cDNA” prepared without addition of
reverse transcriptase was used as an RT-PCR template.
Only synthesis of the longer RT-PCR product was en-
hanced after virus infection. Quantitation of the bands
with the help of the Gel-Pro image analysis software
(Media Cybernetics) revealed an about 10-fold increase
in the longer RT-PCR product content in 293 cells and a
three- to fivefold increase in RH cells in 6 h after the
infection with VEEV (Figs. 2A and 2B). The RT-PCR anal-
ysis demonstrated that this level was maintained in 293
cells for up to 32 h, when the majority of the cells was
destroyed. In RH cells, VEEV infection caused a contin-
uous increase in the longer product content so that it
became nearly equal to that of the shorter product by
36 h postinfection.
The effect was even more pronounced in RH cells
infected with TBEV (Fig. 2C). In 24 h after infection the
amount of the longer RT-PCR product exceeded that of
the shorter product. However, the increase in this case
was comparable to that in 293 cells infected with VEEV
(10- to 20-fold), and the excess of the longer product over
its shorter counterpart seemed to be due to the fall in the
amount of the latter.
The transcript observed could be suggested to represent
not a coding mRNA, but an aberrant transcript directed by
opposite DNA strand of the gene. A standard RT-PCR ap-
proach does not discriminate between these two cases,
and we used special experiments to check the origin of the
transcript. To this end, we synthesized cDNA using each of
the SSAT-specific primers (P1 and P2, Fig. 1B). Depending
on the primer used, the cDNA is expected to predominantly
contain copies of either coding or noncoding (if any) mR-
NAs. As shown in Fig. 3A, only the cDNA synthesized on
the coding mRNA chain is capable of producing both long
and short RT-PCR products.
The accumulation of the product corresponding to the
longer PCR amplicon during viral infection is a virus-
specific feature. The total level of SSAT transcripts in
seminoma (human testicular germ cell tumor) was also
about 10-fold enhanced (Fig. 3B) as compared to normal
testicular parenchyma. However, in contrast to the virus-
infected cells, no predominant accumulation of the
longer RT-PCR product was found.
Inducible SSAT mRNA is a product of alternative
splicing
An apparent size of the short RT-PCR product (about
690 bp) was close to that expected for the human SSAT
TABLE 1
mRNAs with the Expression Induced or Suppressed upon Virus Infection
Sequence
No.
GenBank
Accession No. Chromosome Gene or mRNA
Identity
(%) Expressiona
1 NM_002970 5 Homo sapiens spermidine/spermine N1-acetyltransferase
(SSAT) mRNA (variant)
99 See text
2 AL110126 9 Anonymous Homo sapiens mRNA; cDNA DKFZp564H191 100 Induced 8-fold
3 AF038185 2 Anonymous Homo sapiens mRNA 92 Suppressed 8-fold
4 AC073415 2 Not known 97 Suppressed 8-fold
5 AK025726 1 Anonymous Homo sapiens mRNA; cDNA FLJ22073 100 Suppressed 8-fold
a Expression in the VEEV-infected 293 cells relative to the mock-infected control as estimated by RT-PCR.
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cDNA (679 bp). To elucidate the structure of both tran-
scripts, the bands after RT-PCR were resolved in agarose
gels, excised, and the corresponding DNAs were eluted,
cloned, and sequenced. The nucleotide sequence of the
shorter RT-PCR product was identical to that expected for
the human SSAT mRNA sequence encoding the “normal”
enzyme (GenBank Accession No. NM_002970). The
longer RT-PCR product was found to contain an addi-
tional 110-bp insert that could correspond to an alterna-
tively spliced RNA containing an additional “exon” (Fig. 4),
thus forming the 789-bp RT-PCR fragment. Both alterna-
tive exon–intron junctions obeyed the GT/AG rule. More-
over, an anonymous human mRNA with the same exon/
intron structure was found among GenBank nucleotide
sequences (Accession No. AL050290, human anony-
mous cDNA DKFZp586G1923).
While the normal transcript encodes the active 171
amino acid SSAT protein, the alternatively spliced tran-
script is capable of yielding only a truncated 71 amino
acid polypeptide (Fig. 4) due to the presence of three
stop codons in the new exon sequence. Sixty-eight N-
terminal amino acid residues of this hypothetical protein
are identical to those of SSAT protein, whereas the last
three amino acids are different. It should be added that
the alternatively spliced transcript harbors another open
reading frame which encodes a 96 amino acid polypep-
tide spanning from the amino acid residue 76 to the
C-terminus of the SSAT protein sequence (Fig. 4). How-
ever, the production of this polypeptide is hardly possible
due to the absence of a ribosome binding consensus or
reentry sites close to its ATG codon.
Northern blot analysis
Northern blot hybridization was used to confirm the
RT-PCR data obtained. Preliminary Northern blotting
FIG. 2. RT-PCR amplification using primers specific for spermidine/spermine N1-acetyltransferase (SSAT) gene. Templates: (A) cDNA from 293 cells
infected with VEEV (30 PCR cycles); (B) cDNA from RH cells infected with VEEV (30 PCR cycles); (C) cDNA from RH cells infected with TBEV (31 PCR
cycles). The arrows indicate two SSAT PCR products. Template cDNA content was equalized using beta-actin or clathrin primers. (D) Northern blot
hybridization of total RNA from 293 cells infected with VEEV for 9 h and corresponding control RNA to a probe specific for the alternatively spliced
SSAT mRNA and control clathrin probe. Controls were incubated after mock infection for 9 h (A, D) or 6 h (B, C). The mock-infected cells did not show
any induction of the long RT-PCR product; therefore, only one control (mock infected) lane is shown in the figures.
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showed that the resolution of the formaldehyde-agarose
gel was not sufficient to reliably resolve two alternative
forms of the SSAT mRNA differing by only 110 bp in
length. Therefore, primers specific for the additional
exon (P3 and P4, Fig. 1B) were synthesized. The PCR
fragment obtained with this primer pair and the long
FIG. 3. RT-PCR amplification with primers specific for spermidine/spermine N1-acetyltransferase (SSAT) gene (P1 and P2, Fig. 1B). (A) Templates
are cDNAs from 293 cells infected for 6 h with VEEV synthesized using primer P1 (noncoding strand) or P2 (coding strand), 28 PCR cycles. (B)
Templates are cDNAs obtained from seminoma, normal testicular parenchyma, and 293 cells infected for 12 h with the VEEV, 30 PCR cycles. (C)
Templates are cDNAs from 293 cells infected with VEEV for designated periods of time and primed with oligo(dT), 30 PCR cycles. M, DNA size marker.
FIG. 4. Partial nucleotide sequences and translation of two SSAT mRNA splice forms. “Native” and “Alternative” correspond to sequences and
translation of mRNA producing active enzyme and alternatively spliced mRNA, respectively. A 110-bp additional exon is italicized; the stop codons
within its sequence are underlined. Amino acid numbers correspond to the active enzyme sequence.
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RT-PCR product as a template was labeled and used as
a hybridization probe (Fig. 2D). As seen in the figure, the
level of the alternatively spliced SSAT mRNA (1.4 kb)
was significantly increased in the VEEV-infected cells as
compared to the mock-infected control.
Alternatively spliced SSAT mRNA is polyadenylated
It was interesting to find out whether the alternatively
spliced SSAT mRNA becomes polyadenylated. To this
end, we compared the RT-PCR products of the SSAT
cDNA templates synthesized using oligo(dT) or random
primers. If the alternatively spliced SSAT mRNA is not
polyadenylated, the corresponding RT-PCR band has to
be less prominent for cDNA templates primed with oli-
go(dT). Otherwise, the ratio of both splice variants will be
the same irrespective of the primers choice. As shown in
Fig. 3C, this ratio for oligo(dT)-primed templates is not
significantly different from that for randomly primed tem-
plates (see Fig. 2). Therefore, the alternatively spliced
SSAT cDNA can be polyadenylated and, probably, trans-
ported from the nucleus to cytoplasm.
DISCUSSION
Polyamines spermidine and spermine belong to a fam-
ily of biogenic amines characteristic of all known spe-
cies. They play an important role in proliferation of nor-
mal and malignant cells, the proliferation rate being
directly related to concentrations of intracellular poly-
amines (Morgan, 1999). Induction of SSAT, the rate-lim-
iting enzyme of the polyamine catabolism (Porter et al.,
1991; Davidson et al., 1993; Morgan, 1999), is at least
partly responsible for depletion of polyamine pools and
subsequent inhibition of the cell growth. The SSAT ac-
tivity can be induced by a variety of agents including
butyrate (Matsui et al., 1983), heat shock (Fuller et al.,
1990), and glucocorticoids (Stefanelli et al., 1987), as well
as polyamines and their analogues (Pegg and Erwin,
1985; Erwin and Pegg, 1986). The SSAT gene expression
is extremely sensitive to various factors, e.g., it is en-
hanced in tumor cells in response to polyamine ana-
logues with antitumor activity (Casero et al., 1990; David-
son et al., 1993, 1999). Antiproliferative action of these
drugs is usually attributed to the SSAT induction (Gabri-
elson et al., 1999; McCloskey and Pegg, 2000). However,
as far as we know, a large literature on the SSAT gene
induction lacks data on the SSAT regulation by viruses
and includes no reports on selective induction of the
SSAT splice form detected here.
The VEEV and TBEV are characterized by a wide host
range encompassing both vertebrates and invertebrates
(Brinton, 1986; Strauss and Strauss, 1994). Depending on
host and cell type, the viral infection may have various
effects, from cell lysis to establishment of persistent
infection. Many animal species and cell types are sen-
sitive to the VEEV infection that offers a good opportunity
to study virus–cell interactions (Griffin, 1986). In contrast,
only pig, monkey, and human kidney cells are sensitive
to and establish a highly productive TBEV infection (Brin-
ton, 1986; Gaidamovich, 1989). We have selected human
kidney cells as a model to search for and compare the
host genes up- or down-regulated during a productive
infection with both viruses.
Our data indicate that the up-regulation of the SSAT
alternative splice form in infected cells might be a com-
mon feature of RNA viruses at early stages of different
types of viral infection, both acute and persistent, with
low and high virus yield. This conclusion is based on the
finding that this effect is induced by both VEEV and TBEV
in two though related but still quite different cell lines.
Indeed, both RH and 293 cells originate from human
embryo kidney cells, but their isolation and properties
are very different. 293 cells are characterized by high
sensitivity to VEEV infection, and the level of infectious
virions production peaks by 36 h postinfection, when the
infected cells are completely lysed. In contrast, RH cells
demonstrate a low productivity of the VEEV infection
without visible cell lysis during the observation period.
TBEV-infected RH cells may be cultivated and produce
TBEV for several months without being lysed, whereas
the TBEV infection in 293 cells leads to cytopathic effect.
The induction of alternative splicing by two viruses in
two types of cells raises a question of possible biological
significance of the effect. The 171 amino acid human
SSAT protein is known to be active in homotrimeric or
homotetrameric forms (Libby et al., 1991), and the re-
gions surrounding Arg-101 and the proximal glycine loop
are necessary for its activity (Lu et al., 1996). Therefore,
the truncated putative 71 amino acid polypeptide (if ex-
isting) lacks the important enzyme active center ele-
ments. However, it could prevent the formation of active
SSAT oligomers by joining them as a defective subunit.
Comparable levels of the normal and truncated polypep-
tides in the cell could cause appreciable inactivation of
SSAT with serious consequences for the cell and virus
life cycle. In particular, virus-induced apoptosis is a well-
documented phenomenon for at least some representa-
tives of both - and flaviviruses (reviewed in Griffin et al.,
1994; Marianneau et al., 1998); it is an important antiviral
strategy of the organism. Recent data suggest a direct
link between induction of SSAT and apoptosis (Desiderio
et al., 1995; Lindsay and Wallace, 1999). The SSAT induc-
tion in these cases was at least partly explained by the
activation of transcription through the interaction of pro-
tein factors with the polyamine response element in
regulatory regions of the gene (Xiao and Casero, 1996;
Wang et al., 1998, 1999). Therefore, the SSAT enzyme
inactivation by means of defective oligomer formation
could prevent cells from entering apoptosis, thus facili-
tating viral life cycle. This hypothesis is in line with the
finding that cytomegalovirus infection can increase the
polyamine level (Tyms et al., 1979). Another possibility is
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that the truncated polypeptide can compete with normal
SSAT for binding to some essential component(s) of the
cellular machinery. There are some data suggesting that
SSAT is stabilized in (a) form(s) bound to other compo-
nents or proteins in intact cells (Shinki and Suda, 1989).
However, these hypotheses are at the moment purely
speculative, and much remains to be done to understand
the actual role of the alternative splicing of SSAT hnRNA
in the viral life cycle. The mechanism of gene regulation
by means of alternative splicing is now widely accepted
(reviewed in Smith and Valcarcel, 2000); it is probably
used to expand the coding repertoire of the genome. The
unusual inducibility of a rare alternative spermidine/
spermine N1-acetyltransferase mRNA splice form im-
plies one more pathway of virus–host interactions and
raises an important question of how viruses can regulate
alternative splicing of the host genes. The observation
made here also suggests that other genes can be sub-
ject to alternative splicing during viral infections.
MATERIALS AND METHODS
Cells and viruses
An attenuated VEEV strain 230 (Pshenichnov et al.,
1991) was obtained from the National Collection of Virus
Strains at the Ivanovsky Institute of Virology of the Rus-
sian Academy of Medical Sciences. TBEV strain 205 was
from a viral collection of the State Research Center of
Virology and Biotechnology (SRS VB) “Vector” (Safronov
et al., 1991). RH cells (human embryo kidney cells) were
obtained from a cell culture collection of the SRC VB
Vector. 293 cells (ATCC CRL-1573) were kindly provided
by Dr. A. Bukreev, National Institutes of Health, Be-
thesda, MD. RH cells were cultured in Eagle’s minimal
essential medium with 10% fetal calf serum (Life Tech-
nologies/Gibco BRL) and 80 g/ml gentamycin sulfate.
DMEM with 10% fetal calf serum and gentamycin sulfate
was used for 293 cells. Subconfluent monolayers of both
RH and 293 cells were infected at a multiplicity of 1.0
PFU/cell. After 1 h absorption at 37°C, the monolayers
were washed three times with Eagle’s MEM; then the
supporting medium supplemented with 2% fetal serum
was added and cells were incubated at 37°C for 3–36 h
before isolation of RNA. Mock-infected cells treated in
the same way as infected cells except virus addition and
cultivated for the same time intervals were used as
control. The yield of infectious virus particles was mea-
sured by the viral cytopathic effect (CPE).
The works with the infectious material were performed
under biosafety level 3/4 (BSL-3/4).
Immunology methods
Monoclonal antibodies (MAbs) against VEEV were
kindly provided by Dr. I. Razumov (SRC VB Vector, Rus-
sia). Immunoenzyme assay (EIA) was conducted using
MAbs against VEEV and TBEV and anti-mouse IgG-per-
oxidase conjugates as described previously (Agapov et
al., 1994; Protopopova et al., 1996).
RNA isolation
Total RNA was prepared from infected and control
cells 3, 6, 9, 12, 24, and 36 h postinfection using TriPure
Isolation Reagent (Boehringer Mannheim) as recom-
mended by the manufacturer. Cell monolayers (0.5–1.0 
106 cells) were washed twice with PBS and scraped. One
milliliter of TriPure Isolation Reagent was added to the
cell pellet at room temperature; the lysate was supple-
mented with chloroform, and the phases were separated
by centrifugation. RNA was precipitated from the upper
aqueous phase with isopropanol, washed, and stored in
75% ethanol.
Libraries’ construction and screening
First-strand cDNA was synthesized from each RNA
using SuperScript II reverse transcriptase (Life Technol-
ogies) and SMART PCR cDNA Synthesis Kit (Clontech)
according to the manufacturer’s directions. cDNAs from
infected and control cells were subtracted using the SSH
technique as described previously (Diatchenko et al.,
1999). Subtracted cDNAs (up- and down-regulated) were
cloned in a pCR2.1 TA-cloning vector (Invitrogen) or in a
pPCR-Script (Stratagene) and used to transform compe-
tent DH5 alpha cells. The libraries obtained were arrayed
in 96-well microtiter plates, PCR amplified, and blotted to
Hybond-N membrane (Amersham). The libraries were
screened using the subtracted cDNAs as probes (Di-
atchenko et al., 1998). RsaI-digested viral DNA was hy-
bridized to the up-regulated library to exclude clones
corresponding to VEEV RNA.
RT-PCR
First-strand cDNA for RT-PCR was synthesized from
the total RNA treated with DNase I to remove residual
DNA using either random hexamer or oligo(dT) primers.
One microliter (1 g) of RNA was combined with 1 l
(100 ng) of corresponding primer, 5 l 5 buffer for AMV
reverse transcriptase (USB), 2 l 0.1 M DTT, 0.4 l dNTP
mix (25 mM each of dATP, dCTP, dGTP, TTP) in a final
volume of 24 l, incubated for 3 min at 70°C, and imme-
diately placed on ice. Added were 0.5 l (20 u) of RNasin
(Promega) and 0.5 l (7.5 u) of AMV reverse transcrip-
tase, and the mixture was incubated for 10 min at 20°C,
20 min at 37°C, and 45 min at 42°C. In parallel, the same
reaction but without reverse transcriptase was per-
formed to serve as a negative control (RT) for residual
cellular DNA. The reaction was terminated by addition of
0.5 M EDTA (1 l) and diluted to 100 l with water.
SSAT-specific cDNA was prepared similarly using 0.8
M of primers P1 or P2.
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A 4-l aliquot of the first-strand cDNA was used for
PCR amplification in a mixture containing 4 l 25 mM
MgCl2, 4 l 10 Taq-polymerase buffer, 3.2 l dNTP mix
(2.5 mM each of dATP, dCTP, dGTP, TTP) in a total volume
of 36 l. After hot start for 2 min at 94°C, 2 l each of 10
M forward and reverse primers were added and cycling
was carried out for 25 s at 94°C, 25 s at 57°C, 30 s at
72°C for 27–33 cycles. PCR products were visualized by
gel electrophoresis in 1% agarose. The following primers
were used: CCGACTGGTGTTTATCCGTC and CTCCT-
CACTCCTCTGTTGCC for clone 1 (SSAT, primers P1 and P2
in Fig. 1B); CTTTGTACTGTGTCCGTGCC and TTTAGGC-
CACCTGTTGTTCC for clone 2; GAAATTGCCCAACATC-
CCTT and GGTGGTTCTCCACTAAGGACA for clone 3;
ATGGTTCCCCCAAAAGATGT and AGACCCTGTGAAGT-
GATCCAG for clone 4; CTGGCACATAGCAGCATTCA and
CCAGGTATGAGGGCAGAGTT for clone 5 (see Table 1).
The efficiency of cDNA synthesis was equal in all prep-
arations, as verified using RT-PCR with primers specific
for -actin and/or clathrin genes (Gene Checker Kit,
Invitrogen).
Sequencing and sequence analysis
RT-PCR products were isolated from agarose gels
and cloned using a pGEM-T system (Promega). Clone
inserts were sequenced using an ALFexpress II auto-
mated DNA sequencer (Amersham-Pharmacia Bio-
tech). The sequences were compared to the GenBank
deposits (nucleotide, EST, and HTGS divisions) using the
BLAST (Altschul et al., 1997) server at NCBI (www.ncbi.
nlm.nih.gov/BLAST/). The data were further analyzed
with the help of the Draft Human Genome Browser
(http://genome.ucsc.edu/goldenPath/hgTracks.html).
Northern blot hybridization
Total RNA samples (20 g) were resolved in 1% aga-
rose/formaldehyde gels and transferred to Hybond-N
membrane (Amersham Pharmacia Biotech) according to
the manufacturer’s protocol. The hybridization probe was
prepared by PCR amplification of the cloned long RT-PCR
product template with primers P3 (GTCTCTAGCTTCG-
CCATGTA) and P4 (GATCATCTACTTTATTGTGTAAAGG),
and 32P-labeled using a Prime-a-Gene labeling system
(Promega). Hybridization was carried out in 5 SSPE,
50% formamide at 42°C overnight; the blots were
washed twice in 2 SSPE, 0.1% SDS for 10 min at room
temperature, twice in 1 SSPE, 0.1% SDS at 65°C, and
autoradiographed. A similarly prepared clathrin probe
was used as a loading control.
Oligonucleotide primers
Oligonucleotide primers were synthesized using an
ASM-102U DNA synthesizer (Biosset Ltd., Russia).
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